tions from both ethnic groups were not comparable since the congruence coefficient for the second factor was below 0.46 and that for the first factor did not reach 0.90. The AUC of the CES-D for MDD in Koreans (AUC = 0.850, 95% CI = 0.801-0.899) was significantly smaller than that in US Caucasians (AUC = 0.973, 95% CI = 0.960-0.987), and the optimal cutoff score of the CES-D in the Korean elderly (21/22) was 2 times higher than that in the US Caucasian elderly (10/11). Conclusion: Cross-cultural issues may significantly influence the diagnostic accuracy of depression questionnaires and thus should be considered more carefully than before in both clinical and research settings on multiethnic populations.
rise. In late life, depression is often associated with functional decline, diminished quality of life, increased caregiver burden and service utilization, risk of hospitalization, mortality from comorbid medical conditions and suicide [7] [8] [9] [10] . However, depression in late life, despite its prevalence and impact, remains underdiagnosed and inadequately treated for many reasons, such as subsyndromal presentations, coexisting medical illnesses, reluctance to self-report symptoms due to a fear of stigmatization and passivity, and limited expectations of treatments [11] .
Therefore, active screening may be effective in improving case finding for depression in elderly people [12] , and screening for depression can be facilitated by using brief questionnaires. Various self-reporting questionnaires for depression such as the Beck Depression Inventory [13] , the Geriatric Depression Scale [14] , the Center for Epidemiologic Studies Depression Scale (CES-D) [15] , and the Zung Self-Rating Depression Scale [16] are widely used for screening depression in both clinical and research settings, not only in English-speaking countries but also in non-English-speaking countries. However, individual responses to these questions have been shown to be affected by cultural biases due to the effects of translation from English to other languages, patients' different interpretations of its emotional terms, and various cultural factors, such as perceptions of racial prejudice and a cultural group's work ethic [17] [18] [19] [20] [21] . For example, Latinos were less likely to endorse inability to work than English speakers [22] , and Koreans were less likely to endorse positive affect than Caucasian Americans [18] . In a recent qualitative content analysis of 30 studies that investigated the meaning of culture for the expression of depression, culture was found to shape the symptoms and expressions of depression and thus diagnostic scales developed in the western world may lead to misdiagnosis of depressive symptoms in several ethnic minorities [23] .
On this account, the diagnostic accuracy of these questionnaires for depression may also be subject to cultural biases in elderly people, which may complicate international cooperative studies or cross-cultural comparison studies of geriatric depression. However, to date, no studies have directly examined cross-cultural differences in diagnostic accuracy of depression self-report questionnaires and its impact on the results of research and clinical practice in late-life depression. Therefore, in the present study, we compared the diagnostic accuracy of the CES-D for major depressive disorder (MDD) in late life between Korean and US Caucasian elderly.
Method

Subjects
This study included 332 US Caucasian MDD patients, 116 Korean MDD patients, 125 US Caucasian nondepressed subjects and 700 Korean nondepressed subjects. All the subjects were aged 55 years or more (age range = 58-95). Demographic characteristics of participants are presented in table 1 .
Nondepressed Korean elderly were enrolled from a cohort of community-dwelling Koreans who participated in the Korean Longitudinal Study on Health and Aging (KLOSHA) [24] . Korean elderly with MDD were enrolled either from the KLOSHA or from patients receiving care at the Late Life Depression Clinic of the Seoul National University Bundang Hospital (SNUBH) from January 2007 to April 2009.
All US Caucasian subjects were enrolled in the National Institute of Mental Health-supported Conte Neuroscience Center at the Duke University Medical Center. Nondepressed US Caucasian elderly were obtained from a volunteer registry in the Duke Center for Aging. Older depressed US Caucasian adults were inpatients and outpatients referred by the psychiatry service and the general medical clinics at Duke.
All participants provided written informed consent. The study protocol was approved by the Institutional Review Board of SNUBH and Duke University Hospital. [25] by research psychiatrists for diagnosing or ruling out MDD and other major psychiatric disorders. Subjects also completed the self-report Korean version of the CES-D [26, 27] for evaluating depressive symptoms.
For US Caucasian subjects, a trained research assistant administered the Duke Depression Evaluation Schedule [28] , a composite diagnostic instrument that includes basic sociodemographic questions as well as sections of the Diagnostic Interview Schedule modified for DSM-IV to establish MDD diagnosis [29] . Subjects also completed the English version of the CES-D [30] . Study psychiatrists interviewed patients and confirmed DSM-IV major depression diagnoses.
MDD was diagnosed according to the DSM-IV criteria, and minor depressive disorder according to the research criteria proposed in Appendix B of the DSM-IV criteria [29] . Other major psychiatric disorders including dementia were also diagnosed according to the DSM-IV criteria [29] .
The MDD group consisted of subjects diagnosed with MDD without other comorbid psychiatric disorders in both the Korean and US Caucasian samples. Subjects who had no psychiatric disorders including minor depressive disorder were enrolled in the nondepressed group in both Korean and US Caucasian samples.
Statistical Analysis
Demographic characteristics were compared between US Caucasians and Koreans using Student's t tests and 2 tests. The total and item scores of the CES-D were compared between US Caucasians and Koreans within each diagnostic group using analysis of variance controlling age, gender, and educational level with the Bonferroni correction. In order to detect different response patterns between the US Caucasian and Korean elderly, a differential item functioning (DIF) [31] analysis was conducted using a partial correlation method. We computed the correlation between individual items and group membership (coded as US Caucasian = 0 and Korean = 1) while partialling out the age, gender, education, and total CES-D score. p ! 0.0025 was considered statistically significant. The purpose of this latter analysis was to identify the patterns of the endorsement of individual items controlling for the overall levels of depression. A positive coefficient indicates that the item is overendorsed by Koreans, and a negative coefficient indicates that the item is overendorsed by US Caucasians.
Factor structures of the CES-D in US Caucasians and Koreans were computed using principal component analysis with varimax rotation. The extracted factor matrices were then compared between the groups. A congruence coefficient was calculated to quantify the overlap between factor matrices and determines the degree of similarity between them [32] . Congruence coefficients greater than 0.90 are conventionally suggested to be an indication of factor invariance, and those lower than 0.46 are regarded as an indication of factor incongruence [33, 34] .
The optimal cutoff scores satisfying both sensitivity and specificity for MDD were determined by the receiver-operating characteristic curve analyses. To measure the diagnostic accuracy of the CES-D for MDD in Koreans and US Caucasians, the area under the ROC curves (AUC), the standard errors, and the 95% confidence interval (95% CI) were calculated. The diagnostic accuracy of the CES-D for MDD between US Caucasians and Koreans was compared by comparing the AUC between the Korean sample and the US Caucasian sample.
All the statistical analyses were performed using SPSS 15.0.
Results
In the nondepressed elderly group, the total CES-D scores of Koreans were about 6 times higher than those of US Caucasians (11 In the nondepressed elderly group, Koreans showed higher scores than US Caucasians in all CES-D items, and the difference was statistically significant in 5 items: 'I felt I was just as good as other people' (1.64 8 1. To detect a DIF after controlling overall levels of depression, we assessed correlation coefficients of individual items of the CES-D with group membership (US Caucasian = 0, Korean = 1) after partialling out the effects of age, gender, education, and the total CES-D score. Significant positive coefficients were found in 6 items (0.32 for 'I felt I was just as good as other people', 0.13 for 'I thought my life had been a failure', 0.08 for 'I felt fearful', 0.17 for 'I was happy', 0.24 for 'People were unfriendly', 0.15 for 'I enjoyed life') and significant negative coefficients were found in 5 items (-0.09 for 'I felt that I could not shake off the blues', -0.20 for 'I felt depressed', -0.09 for 'I felt everything I did was an effort', -0.25 for 'I felt sad', and -0.09 for 'I could not get going') ( fig. 1 ).
Principal component analysis with varimax rotation was conducted separately for the Korean elderly and the US Caucasian elderly ( table 2 ). In the Korean elderly, two factors were extracted, accounting for a total of 54.66% of the variance. We named these factors 'negative affect' and 'positive affect,' since the second factor only included the three positive affect items in the Korean version of the CES-D ('I felt I was just as good as other people', 'I was happy', 'I enjoyed life'). In the US Caucasian elderly, two factors were also extracted explaining 53.49% of the variance. We named these factors 'depressed mood' and 'negative interpersonal perception', since the second factor included the 4 items related to subjective appraisal of interpersonal situations or comparison with others ('I felt I was just as good as other people', 'I thought my life had been a failure', 'People were unfriendly', 'I felt people dislike me'). The comparison of factor structures for the CES-D between the Korean and US Caucasian elderly provided congruent coefficients of 0.861 for the first factor and 0.377 for the second factor, indicating that factor solutions of the Korean and US Caucasian elderly were considered to be not well replicated in the CES-D.
As shown in figure 2 , the CES-D was found to be useful for detecting MDD in both US Caucasians and Koreans since the AUCs were larger than 0.8 and the 95% CIs of the AUCs did not incorporate 0.5. However, the AUC of the CES-D for MDD in Koreans was significantly smaller than that in US Caucasians (AUC = 0.850, 95% CI = 0.801-0.899 in Koreans; AUC = 0.973, 95% CI = 0.960-0.987 in Caucasians, z = -4.738, p ! 0.001), indicating that the diagnostic accuracy of the CES-D may be significantly lower in Koreans compared with US Caucasians. The optimal cutoff score of the CES-D in the Korean elderly was determined as 21/22 (sensitivity = 0.784, specificity = 0.881), which was almost 2 times higher than that in the US Caucasian elderly (cutoff score = 10/11, sensitivity = 0.925, specificity = 0.976).
Discussion
In the present study, we demonstrated differences in response to the CES-D between Koreans and US Caucasians for both depressed and nondepressed groups. Principal component analysis revealed clinically meaningful factors among groups. Finally, sensitivity analyses showed clear differences between the two ethnic groups, leading to markedly different optimal cutoff scores for the CES-D as a screen for MDD. These findings suggest that ethnocultural factors influence manifestation of depressive symptoms and thus the responses to depression questionnaires. Although factor analysis yielded two factors for both the Korean and US Caucasian samples, the factor solutions from both ethnic groups were not comparable since the congruence coefficient for the second factor was below 0.46 and that for the first factor did not reach 0.90.
Differences in the response style to the questions on mood between Koreans and US Caucasians had already been reported twice [18, 19] . In these studies, Korean Americans were found to be more reluctant to endorse positive feelings than Caucasian Americans [18, 19] , and this tendency was significantly influenced by the level of their acculturation to western culture [18] . Consistent with these earlier observations, the DIF coefficients were positive in all three positive affect items in the present study, indicating that the Korean elderly endorsed statements related to positive affect much less than the US Caucasian elderly. This may be attributed to the cultural characteristics of modesty and self-effacement in Korea [35] . This reluctance to endorse positive affects is commonly observed in other Asian populations [36, 37] and Hispanic populations [38] . Interestingly, their responses to item 8 ('I felt hopeful about the future') which was translated into a negative question in the Korean version of the CES-D ('I felt hopeless about the future') were not different between the two groups, suggesting that the way of asking mood should be adjusted to cultural norms to ensure cross-cultural equivalence. In addition to the three positive items, Koreans were more likely to endorse items 15 ('People were unfriendly') and 19 ('I felt people dislike me') than US Caucasians. This may be attributed to relatively high interpersonal relationship sensitivity of Koreans. Interpersonal perception is also affected by cultural norms. Individuals from a more hierarchically structured culture like Korea were known to be more sensitive to the status of people than Americans who at least nominally belong to a more egalitarian culture [39] . Finally, the Korean elderly were more likely to endorse item 9 ('I thought my life had been a failure') than the US Caucasian elderly. For the past few decades, Korea has gone through tremendous sociocultural, economic and political changes, and many Korean elderly have felt caught in the middle of these rapid changes. As a result, many older Koreans may have difficulty giving their lives a satisfactory appraisal in the success-oriented atmosphere of Korea. Therefore, the differences in the CES-D scores between Korean elderly and US Caucasian elderly may reflect not only true differences in mood but also differences in the mode of mood expression. Although the CES-D was found be useful for detecting MDD in both US Caucasians and Koreans, its diagnostic accuracy was significantly lower and optimal cutoff scores for screening MDD were about 2 times higher in Koreans than in US Caucasians. Currently, various questionnaires for depression are in use for screening in or out the subjects for a wide range of studies including epidemiological studies, biological studies, and clinical trials. However, culturespecific cutoffs have been barely applied in those studies even if their subjects were multinational and/or multiethnic. If we uniformly apply a cutoff score of the CES-D estimated in US Caucasians to other ethnic groups when we conduct an epidemiological study on a multiethnic population, the CI of prevalence may be wider and the statistical power for finding risk factors may be lower in the populations with higher cutoff scores than in US Caucasians. If we apply a uniform cutoff score on the CES-D when we conduct an international clinical trial on new antidepressants, the US subjects may inevitably show greater depression severity than those enrolled in Korea, which may significantly confound the results of the trial such as therapeutic dosage, time to clinical response, or dropout rate. Therefore, it would be better to endorse culture-specific cutoff scores in the research with multiethnic populations, since it may not be feasible to develop a questionnaire that works equivalently in all ethnic groups. These cross-cultural issues may be equally important in terms of depression prevention and case management in clinical settings.
Our study has several limitations that should be noted. First, there were differences in sampling methods. Korean subjects were recruited from either a community sample (both nondepressed and depressed individuals) or from a hospital-based clinic (depressed patients). US Caucasians were enrolled in a federally supported study, with nondepressed participants approached based on the data of a volunteer registry and depressed patients recruited from the outpatient psychiatric and medical clinics and from the inpatient psychiatric service at Duke. Thus, comparisons of the nondepressed sample may have been affected by the 'community status' versus the 'volunteer status' of the two groups. Volunteers may have a more positive outlook and this may have positively influenced CES-D scores. Inclusion of an inpatient group in the US sample may have affected the results as well. In addition, considerable differences in the demographic characteristics between Korean and US Caucasian samples, although statistically adjusted in the analysis, may also have affected the results. The versions of the CES-D used in this study may represent another limitation. There were differences in the ordering of some questions and in the wording of others. A final issue pertains in the construct of statistical versus clinical significance. Although many of the differences in the CES-D item scores reached statistical significance, it is not clear how clinically meaningful the differences are. For example, many of the differences we report are for CES-D item scores of less than 1, a finding that may be hard to interpret clinically.
In conclusion, questionnaires for depression developed in the western culture should be well adapted culturally as well as well translated linguistically to ensure the comparability between ethnic groups [40] . In future studies on multiethnic populations, cross-cultural issues should be considered more carefully than before unless we develop a culture-free instrument for depression.
